Previously we have shown that, adenosine operating via the A 1 receptor subtype may inhibit glutamatergic transmission in the baroreflex arc within the NTS and differentially increase renal (RSNA), preganglionic adrenal (pre-ASNA) and lumbar (LSNA) sympathetic nerve activity (ASNA>RSNA≥LSNA). Since the cardiopulmonary chemoreflex and the arterial baroreflex are mediated via similar medullary pathways and glutamate is a primary transmitter in both pathways, it is likely that adenosine operating via A 1 receptors in the NTS may differentially inhibit regional sympathetic responses evoked by activation of cardiopulmonary chemoreceptors.
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INTRODUCTION
Numerous studies have shown that adenosine operates as a central neuromodulator of cardiovascular control at the level of the nucleus tractus solitarii (NTS) (1; 4; 30; 33; 39; 41; 56; 58; 59; 61; 64) . In the central nervous system adenosine serves as an inhibiting or stimulating neuromodulator operating via A 1 and A 2a receptors, respectively (46) . The primary natural source of adenosine is ATP released from nerve terminals and glial cells which is subsequently catabolized to adenosine by ectonucleotidases (8; 63; 74). Importantly, adenosine is also released into extracellular space during life threatening homeostasis imbalance such as hypoxia, ischemia and severe hemorrhage; in these pathological situations adenosine results from massive catabolism of intracellular ATP (45; 61; 69; 72; 73) . Inasmuch as, the most basic, life supporting, reflexes (cardiovascular, respiratory and other autonomic reflexes) are primarily integrated in the NTS (17), it is not surprising that the greatest density of adenosine uptake sites in the entire central nervous system is located in the NTS (6) .
The Bezold Jarisch reflex (also termed the cardiopulmonary chemoreflex) was initially discovered as a powerful depressor and cardiac slowing response to veratridine alkaloids (34) and is mediated by polymodal receptors located on myelinated and unmyelinated vagal afferents from cardiopulmonary area which are activated physiologically via mechanical and/or chemical stimuli as shown in extensive studies performed on dogs and cats by Colleridges, Paintal, Dawes and Thoren (14; 15; 19; 43; 44; 68) . In the rat the equivalent fibers are unmyelinated afferents only which exhibit low or high activation thresholds (66; 67) . The majority of cardiac vagal afferents activated by mechanical stimuli in the rat are also activated by the serotonin 5HT 3 receptor agonist, phenylbiguanide (PBG) (51; 52) .
Cardiopulmonary chemoreflex may be naturally activated via serotonin released from aggregated platelets during coronary cloth formation or from ischemic endothelial cells (8; 26; 42) as well as via other naturally released substances, for example, endogenous canabinoids operating via activation of vanilloid TRPV1 receptors, ATP operating via P2x receptors, nicotine, etc. (25; 37; 47).
Consistently, the cardiopulmonary chemoreflex is markedly enhanced during the acute phase of myocardial infarction (37; 47) which may be cardio-protective as it causes decreases in HR and afterload leading to decreased oxygen demand of the ischemic heart (21; 38; 49). However, powerful activation of this reflex may lead to severe hypotension, cerebral ischemia, bradyarrhythmia and even sudden cardiac death (5; 27; 38) . If the reflex hypotension exceeds the capabilities of brainstem vascular autoregulation, adenosine may be released into the NTS from ischemic central neurons and glial cells. This increase in adenosine can have wide ranging, complex actions on the central integration of cardiovascular reflexes in these settings.
Adenosine operating via A 1 receptor subtype in the NTS may inhibit glutamatergic transmission in baroreflex arc, reset arterial baroreflex control of heart rate (HR) and regional sympathetic nerve activity toward higher mean arterial pressure (MAP) and differentially affect baroreflex functions for renal (RSNA), preganglionic adrenal (pre-ASNA), postganglionic adrenal (post-ASNA) and lumbar (LSNA) sympathetic outputs (54; 58). Since the cardiopulmonary chemoreflex and arterial baroreflex are mediated via similar medullary pathways and glutamate is a primary transmitter in both pathways at the level of the NTS (71) , it is likely that adenosine operating via NTS A 1 receptors may differentially inhibit regional sympathetic and hemodynamic responses evoked by activation of cardiopulmonary chemoreceptors.
This mechanism may serve as a negative feedback regulator for the cardiopulmonary chemoreflex, preventing the potentially deadly effects of over-excitation of the reflex which could result in life threatening hypotension and bradyarrhythmia. However, it remains unknown if A 1 adenosine receptors are present on those NTS neurons which mediate the cardiopulmonary chemoreflex. Our previous studies suggested differential localization of A 1 adenosine receptors on NTS neurons targeting different sympathetic outputs (55; 58). However, it remains unknown if these receptors are differentially located on those NTS neurons which mediate cardiopulmonary chemoreflex control of regional sympathetic outputs. Specifically, it is unknown if activation of NTS A 1 adenosine receptors differentially attenuates the inhibition of the pre-ASNA vs. RSNA vs.
LSNA evoked by activation of cardiopulmonary chemoreceptors. The present study was designed to address the above hypotheses.
In addition, there are controversial reports on the responses of regional sympathetic outputs evoked by stimulation of cardiopulmonary afferents (9; 22; 24; 29; 31; 48; 51; 52; 70). For example, in some studies stimulation of cardiopulmonary 5HT 3 receptors resulted in reflex increases in pre-ASNA, no change in LSNA and decreases in RSNA (24; 29; 70) whereas other studies showed uniform inhibition of these regional sympathetic outputs in this setting (9; 22; 48; 51). These discrepancies may result from comparisons of single nerve recordings performed in different animals under different experimental conditions in different laboratories. In the present study the attempt was made to simultaneously record the reflex responses from all these sympathetic outputs (renal, adrenal and lumbar) in the same animal to allow quantifying and comparing the regionally specific differences in the reflex reactivity under identical experimental conditions. Sinoaortic denervation was performed and tested similarly as it was described in previous papers from our laboratory (51; 56; 58). This procedure was performed to minimize baroreflex compensation for the decreases in MAP evoked by stimulation of cardiopulmonary receptors and also to eliminate possible activation of arterial chemoreceptors by PBG (7; 32). Importantly, unloading of arterial baroreceptors may differentially increase the regional sympathetic nerve activity thus it may obscure the regional differences in cardiopulmonary chemoreflex reactivity (50) . Special attention was paid to preserve the integrity of the vagus nerve during stripping of the bifurcation of common carotid artery and cutting aortic depressor, superior laryngeal and sympathetic nerves. Experiments in which stimulation of the cardiopulmonary receptors with the maximal used dose of PBG (8μg/kg) evoked less than 20% decrease in MAP were not analyzed.
METHODS

All
Neural recordings.
In each experiment, simultaneous recordings from three (n=26) or two sympathetic outputs (n=31) were performed. Renal and adrenal nerves were exposed retroperitoneally form a flank incision, whereas lumbar sympathetic trunk was exposed from midabdominal incision. Neural recordings were accomplished as described previously (30; 50; 51; 54; 56-58; 60-62). Neural signals were initially amplified (2,000-20,000×) with bandwidth set at 100-1,000 Hz, digitized, rectified, and averaged in 1-s intervals. Background noise was determined 30-60 min after the animal was euthanized, yet still artificially ventilated to leave unaltered any potential movement artifacts. Determination of noise in pre-ASNA requires long post mortem recording as this nerve may be active up to an hour after the euthanasia (11; 12). Resting nerve activity before each stimulation of the cardiopulmonary receptors was normalized to 100 %.
The ratio between preganglionic and total nerve activity was initially tested with an intravenous bolus injection of the short-lasting (1-2 min) ganglionic blocker, Arfonad Two way ANOVA for independent measures showed that the regional sympathetic outputs were inhibited to a different degree (nerve factor, p<0.001) and that the steepness of reflex stimulus response curves ( Figure 4A) Comparisons across the nerves (renal, preganglionic adrenal and lumbar) and doses of CPA (from 0, volume control, to 330 pmol) showed that the nerves responded differentially to activation of the reflex (nerve effect, p<0.0001) and were inhibited by A 1 adenosine receptor agonist in dose dependent manner (CPA dose effect, p<0.0001).
However, the inhibition of the reflex responses in all sympathetic outputs was similar (no (Figure 6 ). However, no significant differences in the inhibition of the three regional sympathetic outputs were found (nerve effects, p>0.05 for all comparisons). Thus, whereas cardiopulmonary chemoreflex activation elicits markedly differential reductions in regional sympathetic nerve activity, NTS A 1 receptor stimulation inhibits these responses in a uniform fashion.
This inhibition was reversible. Table 2 shows that the reflex responses completely recovered approximately 60 min after microinjections of the small and medium doses of CPA into the NTS and tended to recover after the highest dose (330 pmol) of the agonist (compare Table 2 and Figure 5 ).
DISCUSSION
The most important finding of the present study is that adenosine operating via A 1 receptors within the NTS powerfully inhibits the cardiopulmonary chemoreflex. In addition, direct comparison of simultaneously recorded renal, adrenal, and lumbar sympathetic responses showed that activation of cardiopulmonary chemoreceptors exerts regionally different inhibition of these sympathetic outputs (RSNA>pre-ASNA>LSNA). Despite of the highly significant differences between cardiopulmonary chemoreflex inhibition of the regional sympathetic outputs, the attenuation of the cardiopulmonary chemoreflex responses by stimulation of NTS A 1 adenosine receptors was similar across the sympathetic outputs (RSNA=pre-ASNA=LSNA). 
Differential inhibition of regional sympathetic outputs by cardiopulmonary
chemoreflex. Present study showed that under the same experimental conditions the Bezold Jarisch reflex exerts differential inhibition of regional sympathetic outputs (RSNA>pre-ASNA>LSNA). This differential pattern of regional sympathoinhibition was similar to that previously observed with stimulation of arterial baroreceptors under similar experimental conditions (30; 50; 54). This is consistent with the hypothesis that similar central pathways mediate both reflexes (71) . The renal nerve is physiologically coherent as it facilitates pressor responses via vasoconstriction, increase of sodium reabsorbtion and release of renin (23); all these components are inhibited by stimulation of arterial baroreceptors and perhaps cardiopulmonary chemoreceptors. In the adrenal nerve 25% of fibers directed to norepinephrine containing chromafin cells does not respond to cardiopulmonary chemoreflex stimulation (9). Lumbar sympathetic nerve provides vasoconstricting and vasodilating fibers and also a substantial number of cutaneous fibers which do not respond strongly to the arterial baroreflex (18; 28) and likely cardiopulmonary chemoreflex stimuli, as suggested by the present study. Therefore the differential regional sympathoinhibition observed in the present study may be a result of the differential composition of these three nerves. Interestingly, within the adrenal nerve there were no significant differences between the different components, although preganglionic and postganglionic outputs to the adrenal medulla often respond in a reciprocal manner to other stimuli (10; 11; 56). Although qualitatively similar regional sympathetic responses evoked by stimulation of cardiopulmonary receptors with PBG were reported previously (9; 22; 48; 51) this is the first study which allows for quantitative comparisons of the regional sympathetic responses recorded under identical experimental conditions (simultaneous triple nerve recordings).
There are only few controversial reports on cardiopulmonary chemoreflex control of pre-ASNA and LSNA. For example, increases in adrenal nerve activity were reported in response to intra pericardial infusions of phenylbiguanide (29). It is likely, that the activation of a subset of epicardiac serotonin 5HT 3 receptors increases pre-ASNA (29); however, this effect is overwhelmed by activation of all cardiopulmonary chemoreflex receptors via intra-atrial injections of the agonist. In two other studies typical decreases in RSNA were accompanied with increases in pre-ASNA and no responses from LSNA (24; 70). In both these studies intravenous instead intra-atrial infusions of PBG were performed and experiments were conducted under methohexial instead of urethane/chloralose anesthesia. Since PBG injected into the femoral vein may be markedly diluted before reaching the cardiopulmonary area and taking into consideration that RSNA is inhibited to a much greater extent than LSNA, it is possible that the stimulation threshold for RSNA inhibition but not LSNA inhibition was reached in this study (70) . It is more difficult to explain the increases in adrenal nerve activity observed in response to intravenous infusion of PBG (24); perhaps, the infusion of PBG into the femoral vein and methohexial anesthesia could be responsible. Limitations of the method. and arterial pressure as well as via reciprocal inhibition between neuronal pools mediating both reflexes in the NTS (36). The present study demonstrates that this parallel tuning mechanism may be supplemented by "the last chance mechanism" of negative feedback mediated by adenosine which powerfully inhibits the sympathoinhibitory cardiopulmonary chemoreflex preventing life threatening reflex hypotension. Our previous study showed that another sympathoinhibitory reflex, i.e. arterial baroreflex, is also inhibited by activation of A 1 (but not A 
